Abstract. -The hysteresis loop, described during the formation of stressinduced pseudoelastic martensite in a Cu-Zn-A1 betaphase single crystal, was studied as a function of strain-rate, deformation amplitude and temperature. The aPtm, the stress at which the transformation starts at a given constant temperature, is strain-rate independent but the hysteresis described by the stress-strain curve shows a maximum at intermediate strain-rates (3.3 x sec-l) -For very low strain rates (3.3 x sec-l) the relative energy-loss ( A W / W ) was independent of amplitude.
sec-l) the relative energy-loss ( A W / W ) was independent of amplitude.
The amplitude-dependence was the strongest at intermediate strain-rates. The absolute hysteresis, i.e. energy loss, measured at constant strain-rate seems to be independent of temperature in the region (Ms+60, Ms+llO).
The change in hysteresis as a function of strain-rate can be attributed to the heating and cooling of the sample due to the exothermic character of the beta-martensite transformation and the reverse endothermic transformation. At very low strain-rates the transformatio? occurs isothermally so that nearly no hysteresis is found. Only at ver:: high strain-rates the sample is deformed adiabatically.
Introduction. -The beta-to-martensite transfornation in Cu-Zn-A1 alloys is associated with a damping peak and the internal fric-tion in martensite is much higher than in the beta-phase (1). However, this behaviour was only measured when the temperature rate was different from zero. However, at dT/dt equal to zero, this is at constant temperature, a relaxation occurs so t3at the internal friction in the martensitic phase clecreases wit!? time and even the internal friction peak nearly disappears with time (2, 3) .
This effect was also already noticed in CuAl-Lii (4) and Ti-Ni alloys (5). It is generally accepted that in the martensitic state tie movement of interfaces greatly contribute to the enerpj loss (I), however the influence of these movements on the crystal structure is not clear yet.
In the transformation re~ion, the internal friction is due to the gi-owing or disappearing of one uhase into the other and, due to the measuring technique, combined with an alternating movement of the interfaces between the two phases. Above the temperature Af the martensitic phase can also be induced by stress or strain.
At this temperature, the beta-phase is stable in a stress free sample, upon removing the stress, the stress-induced martensite will disappear. This SIX gives rise to large el-astic cleformations. This ~seu6oeiastic effec2 is more pronounced in single crystals and is much lower in polycrystals ( 5 ) . The study of t!?e hyste- Results. - Figure 1 gives the stress-strain curve at room temperature for complete stress-induced transformation, with a pseudoelastic elongation of 8.65 %. The stress necessary to induce martensite, is temperature-dependent (6) . This relationship is shown in figure 2 and is determined at a strain rate of 1. Figure 3 shows the curves taken at room temperature for four different strain rates and .8 % deformation. From an analysis of all these curves it can be concluded that : 1. up)m is strain-rate independent. The transformation starts always at the same stress and strain.
2. The hysteresis described by the loops shows a maximum at intermediate strain rates. Figure 4 shows the change of the relative hysteresis, which is the area enclosed by the hysteresis loop devided by the area under the "horizontal" part of the loading curve, as a function of the natural logarithm of the strain rate at 8 % deformation and at two temperatures. 3. The loading curve shows a strain hardening effect increasing with increasing deformation rate. 4 . The hysteresis H, as defined by Otsuka et al. (7), being the difference between the stress at e P ' m of the loading and unloading curve, is first increasing but decreases again at higher strain rates. 5. The hysteresis, proportional to the area of a closed loop, seems, within the experimental error, and at the same strain rates to be temperature independent. The linear relationship between up+m and temperature.
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At very low strain rates no amplitude dependence is observed, while at higher strain-rates AW/W reaches a maximum. Summarizing the results, figure 5 shows the relative energy loss as a function of the two parameters, the amplitude and the strain rate, In 6 .
Discussion. -The change in hysteresis area can be explained by the heating and cooling effect due to the exothermic I3-to-martensite and to the endothermic martensite to R transformation, as already pointed out earlier (1) . The hysteresis in the stress-strain curves behaves similar as the temperature-deformation curves ( fig. 3 and 6) . A very low strain-rates, the heat produced during the beta to martensite transformation can easily flow away to the surroundings, especially to the grip ends.
The heat loss at the air is already at moderate strain-rates neglectable in comparison to the heat loss at the grip ends (6). In figure 6 , the dashed line being temperature of the environment, shows clearly that the increase in temperature increases with increasing strain rate due to decreasing heat loss. During unloading the transformation occurs endothermic. At very slow strain rates, the heat flow to the sample is large enough for "isothermal" transformation.
However, at increasing strain rate, the heat-flow from the environment to the sample is not large enough. The sample will cool and its temperature wlll be lower than that of the environment at the end of transformation. This glves rise to a great temperature difference at a fixed deformation percent between the loading and unloading curve. Due to the increase in temperature during the loading cycle, the stress needed to proceed the transformation will become higher ( fig. 2 ) so that the curve reveals an "apparent" strain-hardening. During unloading a similar but inverse effect occurs so that a large hysteresis area appears. At higher strainrates the heat produced during loading can be nearly totally recuperated during cooling so that the sample temperature will not change or will drop only slightly under room temperature. This is the adiabatic behaviour. Such a temperature increase during deformation at increasing strain-rate was already measured in Cu-A1-Ni ( 8 ) and Cu-Zn-Sn (9) . However, no relation was made with the "internal friction peak" as a function of strain-rate. Also, the conclusion that the energy loss during stress-induced transformation is proportional to the amount of martensite formed (10) is thus only valid at very low strain rates.' The "strain-hardening" effect at higher strain-rates is due to the heating of the sample which influences the stress needed to proceed the transformation ( fig. 2 ). So it can be concluded that the pseudoelastic hysteresis is temperature-and amplitude independent for low strain rates. The strain-rate dependency is only attributed to heating and cooling effects, which is due to the exo-and endothermic beta to martensite transformation and its reverse. Figure 4 The r e l a t i v e energy l o s s during c y c l i n g a s a f u n c t i o n o f t h e n a t u r a l logarithm of t h e s t r a i n r a t e a t two d i f f e r e n t temperatures.
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Figure 5
The r e l a t i v e energy l o s s a s a f u n c t i o n of deformation amplitude and s t r a i n -r a t e . Figure 6 The temperature change a t t h e s u r f a c e o f t h e sample a s f u n c t i o n of deformation a t d i ff e r e n t s t r a i n r a t e (min/max)
